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Description

[0001] The presentinvention relates to a game device,
and a method and program for processing an image of
a person. The present invention more particularly relates
to a technique for recognizing a position of a predeter-
mined part from the image of the person, and a technique
for filtering the recognized position.

[0002] Arcade game machines having a camera unit
located in front of a player and proceeding with a game
in accordance with a result of recognizing a position of a
predetermined part, such as a hand, of the player from
a player image captured by the camera unit are well-
known. Such a game machine can provide players with
a much wider variety of games than conventional game
machines in which a controller is only operated with fin-
gers.

[0003] However, the above game machines have the
following disadvantage.

[0004] As the accuracy of recognizing the position of
the predetermined part of the player is lowered by noise
or moving objects (other than the player) accidentally
caught in the player image, an approach of selecting the
recognized position of interest from the vicinity of the pre-
viously recognized position is desirable when the position
recognition is performed at predetermined time intervals.
This approach, however, cannot achieve proper recog-
nition of the position when the predetermined part of the
player moves rapidly.

[0005] In addition, when the position of the predeter-
mined part of the player is recognized and such a recog-
nized position is used for a game process without any
change, fluctuation in recognized position may be too
intense to properly perform the game process. Therefore,
an approach of applying a filter (a low pass filter) to the
recognized position for conversion into an output suitable
for the game process may seem desirable, but this ap-
proach degrades response of an output value to the
movement of the predetermined part of the player. As a
result, the game process cannot be rapidly changed to
cope with the rapid movement of the predetermined part
of the player, making the game less interesting.

[0006] The present invention has been conceived in
view of the above-described problems, and a first object
thereof is to provide a game device, and a method and
program for processing an image of a person, capable
of achieving proper recognition of a position even when
a predetermined part of a player moves rapidly.

[0007] A second object of the present invention is to
provide a game device, and a method and program for
processing an image of a person, capable of rapidly
changing a game process to cope with rapid movement
of a predetermined part of a player.

[0008] In order to achieve the first object, a game de-
vice according to one aspect of the present invention
comprises image capturing means for capturing player
images at predetermined time intervals, selecting means
for selecting a base position group used for recognizing
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a predetermined part of a player from a predetermined
selection range corresponding to a previously recog-
nized position based on the player images captured by
said image capturing means, reselecting means for
changing said selection range in accordance with the se-
lected base position group to reselect the base position
group used for recognizing the predetermined part of the
player, and recognized position determining means for
determining a present recognized position based on the
base position group selected by said selecting means or
reselected by said reselecting means.

[0009] According to the present invention, player im-
ages are captured at predetermined time intervals.
Based on the player image, a base position group for a
predetermined part, such as a hand or a foot, of a player
is selected. The base position group is selected from a
predetermined selection range corresponding to a pre-
viously recognized position. This predetermined selec-
tion range is subject to change based on the selected
base position group. When the selection range is
changed, the base position group is reselected from the
changed selection range. The present recognized posi-
tion is determined based on the selected base position
group or reselected base position group.

[0010] Accordingtothe presentinvention, the base po-
sition group is selected from the selection range corre-
sponding to the previously recognized position in princi-
ple, and is reselected exceptionally after changing the
selection range on the occasion when, for example, the
base position group within the selection range is small.
It is therefore made possible that, while the present rec-
ognized position is determined as being in the vicinity of
the previously recognized position in principle, the posi-
tion is determined after changing the selection range to
reselect the base position group especially when the pre-
determined part of the player moves rapidly (for example
when the base position group is small in the vicinity of
the previously recognized position). As a result,proper
position recognition can be achieved even when the pre-
determined part of the player moves rapidly.

[0011] A method of processing an image of a person
according to another aspect of the presentinvention com-
prises capturing images of a person at predetermined
time intervals, selecting a base position group used for
recognizing a predetermined part of the person from a
predetermined selection range corresponding to a pre-
viously recognized position based on the captured imag-
es of the person, changing the selection range based on
the selected base position group to reselect the base
position group used for recognizing a predetermined part
of the person, and determining a present recognized po-
sition based on the selected or reselected base position
group.

[0012] A program according to a further aspect of the
present invention causes a computer to execute captur-
ing images of a person at predetermined time intervals,
selecting a base position group used for recognizing a
predetermined part of the person from a predetermined
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selection range corresponding to a previously recog-
nized position based on the captured images of the per-
son, changing the selection range based on the selected
base position group to reselect the base position group
used for recognizing a predetermined part of the person,
and determining a present recogni zed position based
on the selected or reselected base position group.
[0013] According to the present invention, images of
a person, such as a player, is captured at predetermined
time intervals. Based on the images of the person, a base
position group of a predetermined part, such as a hand
or a foot, of the person is selected. The base position
group is selected from a predetermined selection range
corresponding to a previously recognized position. The
predetermined selection range is subject to change
based on the selected base position group. When the
selection range is changed, the base position group is
reselected from the changed selection range. The
present recognized position is determined based on the
selected base position group or reselected base position
group.

[0014] According tothe presentinvention, itis possible
to select the base position group from the selection range
corresponding to the previously recognized position in
principle, and to change the selection range for reselect-
ing the base position group exceptionally when, for ex-
ample, the base position group within the selection range
is small. As a result, it can be achieved that, while the
present recognized position is determined as being in
the vicinity of the previously recognized position in prin-
ciple, the position is determined after changing the se-
lection range to reselect the base position group espe-
cially when the predetermined part of the person moves
rapidly (for example when the base position group is
smallinthe vicinity of the previously recognized position).
Consequently, proper position recognition can be
achieved even when the predetermined part of the player
rapidly moves.

[0015] According to one embodiment of the present
invention, the selecting means selects the base position
group used for recognizing the predetermined part of the
player from the predetermined selection range surround-
ing the previously recognized position, and the reselect-
ing means shifts the selection range based on the player
image. As a result, while the base position group is se-
lected in the vicinity of the previously recognized position
in principle, the selection range can be shifted in a direc-
tion where, for example, the base position group is in-
creased based on the player image when, for example,
the base position group is small.

[0016] In order to achieve the second object, a game
device according to a further aspect of the presentinven-
tion comprises image capturing means for capturing play-
er images at predetermined time intervals, recognizing
means for recognizing a position of a predetermined part
of a player based on the player images captured by the
image capturing means and outputting the recognized
position, recognized position storing means for storing a
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predetermined number of recognized positions formerly
output by the recognizing means, movement amount cal-
culating means for calculating an amount of movement
for each recognized position stored by the recognized
position storing means, number changing means for
changing the number based on the amount of movement
for each recognized position calculated by the movement
amount calculating means, output value calculating
means for calculating an output value based on the
number of recognized positions stored by the recognized
position storing means, and game processing means for
performing a game process based on the output value
supplied by the output value calculating means.

[0017] According to the present invention, player im-
ages are captured at predetermined time intervals, and
a position of a predetermined part, such as a hand or a
head, of a player is recognized based on the player im-
ages. A predetermined number of former recognized po-
sitions are stored in recognized position storing means,
and an amount of movement for each recognized position
stored in the recognized position storing means is calcu-
lated. An amount of movement for a recognized position
is, for example, the distance from an immediately pre-
ceding recognized position to that particular recognized
position. Based on the thus calculated amount of move-
ment for each recognized position, the stored number in
the recognized position storing means is changed. An
output value may be an average value or the like of the
recognized positions stored in the recognized position
storing means, and the game process is performed
based on the output value.

[0018] According to the present invention, the number
of former recognized positions affecting the output value
can be changed based on the amount of movement of
the recognized positions, whereby the game process can
be rapidly changed even when the predetermined part
of the player moves rapidly.

[0019] A method of processing images of a person ac-
cording to a further aspect of the present invention com-
prises capturing the images of the person at predeter-
mined time intervals, recognizing a position of a prede-
termined part of the person based on the captured im-
ages of the person and outputting the recognized posi-
tion, sequentially storing the recognized position in stor-
ing means, calculating an amount of movement for each
recognized position stored in the storing means, chang-
ing the number of recognized positions stored in the stor-
ing means based on the calculated amount of movement
for each recognized position, and calculating an output
value based on the recognized position stored in the stor-
ing means.

[0020] A program according to a further aspect of the
present invention causes a computer to execute captur-
ing images of a person at predetermined time intervals,
recognizing a position of a predetermined part of the per-
son based on the captured images of the person and
outputting the recognized position, sequentially storing
the recognized position in storing means, calculating an
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amount of movement for each recognized position stored
in said storing means, changing the number of recog-
nized positions stored in the storing means based on the
calculated amount of movement for each recognized po-
sition, and calculating an output value based on the rec-
ognized position stored in said storing means.

[0021] According to the present invention, images of
a person, such as a player, are captured at predeter-
mined time intervals, and a position of a predetermined
part, such as a hand or a head, of the person is recog-
nized based on the images of the person. A predeter-
mined number of former recognized positions are stored
in recognized position storing means, and an amount of
movement for each recognized position stored in the rec-
ognized position storing means is calculated. An amount
of movement for a recognized position is, for example,
the distance from an immediately preceding recognized
position to that particular recognized position. Based on
the thus calculated amount of movement for each rec-
ognized position, the stored number in the recognized
position storing means is changed. An output value may
be an average value or the like of the recognized posi-
tions stored by the recognized position storing means.
[0022] According to the present invention, the number
of former recognized positions affecting the output value
can be changed based on the amount of movement of
the recognized position, so that the output value can be
rapidly changed to cope with a situation where the pre-
determined part of the person moves rapidly.

[0023] Preferred embodiments of the present inven-
tion will now be described by way of example only with
reference to the accompanying drawings, in which:

Fig. 1 illustrates a player enjoying a gun shooting
game using a game device according to an embod-
iment of the present invention.

Fig. 2 illustrates an example of a title screen (start
screen).

Figs. 3A-3D are views for explaining an exemplary
game screen presented when the player moves ver-
tically.

Figs. 4A-4D are views for explaining an exemplary
game screen presented when the player moves hor-
izontally.

Fig. 5 is a diagram illustrating a hardware configu-
ration of the game device.

Fig. 6 is a flowchart for explaining a process for dis-
playing the title screen.

Fig. 7 illustrates an example of a player’s standing
position guidance image included in the title screen.
Figs. 8 and 9 illustrate variations of a player’s stand-
ing position guidance image included in the title
screen.

Fig. 10 is a flowchart for explaining a player image
processing.

Fig. 11 is a flowchart for explaining a process of fil-
tering a recognized position.

Figs. 12A-12D illustrate a series of player images.
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Fig. 13 is a view illustrating a difference image be-
tween an averaged player image and the latest play-
er image.

Fig. 14 is a view illustrating the result of extracting a
region in the vicinity of the previously recognized po-
sition from the image illustrated in Fig. 13.

Fig. 15 is a view illustrating a difference image be-
tween the averaged playerimage and the latest play-
erimage when the player makes a small movement.
Fig. 16 is a view illustrating the result of extracting a
region in the vicinity of the previously recognized po-
sition from the image illustrated in Fig. 15.

Fig. 17 is a view illustrating a difference image be-
tween the latest player image and the immediately
preceding player image.

Fig. 18 is a view illustrating the result of extracting a
region in the vicinity of the previously recognized po-
sition from the image illustrated in Fig. 17.

Fig. 19 is a view illustrating a difference image be-
tween the latest player image and the immediately
preceding player image when the previously recog-
nized position is distant from the latest player image
and the immediately preceding player image.

Fig. 20 is a view illustrating the result of extracting,
from the image illustrated in Fig. 19, the area moved
closer to the player from the previously recognized
position.

Figs. 21A and 21B illustrate the content stored in the
recognized position buffer.

[0024] The entire disclosure of the corresponding Jap-
anese application 2001-199003 filed on 29 June 2001
including specification, claims, drawings and summary,
is incorporated herein by reference.

[0025] Exemplary embodiments of the present inven-
tion will now be described in detail with reference to the
drawings.

[0026] Fig. 1 is a perspective view for expressing a
situation where a player plays a game using a game de-
vice according to one embodiment of the present inven-
tion. As illustrated in Fig. 1, the game device, which in-
cludes a home-use TV receiver 40, a camera unit 42, a
home-use game machine 46, and a gun controller 48, is
used for implementing a gun shooting game. The home-
use TV receiver 40 and the home-use game machine 46
are mounted on a cabinet 44, while the camera unit 42
is on the home-use TV receiver 40. The camera unit 42
is a digital camera for presenting an image of a player P
in real time, and connected to the home-use game ma-
chine 46 via a cable for supplying the captured player
image to the game machine 46 in real time. The home-
use game machine 46 is connected to the home-use TV
receiver 40, so that game screen images produced by
the game machine 46 are displayed while providing game
music or game effect sound. The gun controller 48 is a
game controller in the form of a gun, and connected to a
controller connection terminal of the home-use game ma-
chine 46 via a cable. When the player P holds the gun
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controller 48 in his/her hand and aims it at the home-use
TV receiver 40, the direction of its gun barrel is input to
the home-use game machine 46. The gun controller 48
is provided with a trigger, whose condition (i.e. whether
or not the trigger is pulled) is supplied to the home-use
game machine 46.

[0027] In the home-use game machine 46, a three-
dimensional game space (virtual three-dimensional
space) is constructed in a memory, and how the three-
dimensional game space is viewed from a viewpoint dis-
posed at a predetermined spatial position is displayed
onthe TV receiver 40. At this time, in the home-use game
machine 46, the position of the head of the player P is
recognized from the player image, and the position of the
viewpoint moves with the head position. As aresult, when
the player P moves his/her body in front of the camera
unit 42, the game screen image displayed on the home-
use TV receiver 40 is changed in accordance with the
movement, so that the player P can feel as if he/she en-
tered the three-dimensional game space. Thus, the
home-use game machine 46 implements a game in
which the player P shoots an enemy game character ap-
pearing in the three-dimensional game space with the
gun controller 48, and avoids attacks (shooting) from the
enemy game character by moving his/her body (specif-
ically, the head position).

[0028] Fig. 2 illustrates an example of a title screen
(start screen) of the game provided by the home-use
game machine 46. The title screen in this figure is pre-
sented on the home-use TV receiver 40 after the home-
use game machine 46 is activated or between games.
As illustrated, on this title screen, menu button images
62 are displayed at either side of the screen, and a char-
acter string 60 indicating the title of the game is displayed
atan upper central portion. Under the title character string
60, an image 50 for guiding the position where the player
stands is displayed. The menu button images 62 are tar-
gets used for proceeding to a variety of games or option
setting. When the player P shoots the menu buttonimage
62 with the gun controller 48, the game or option setting
corresponding to the shot menu button image 62 is initi-
ated.

[0029] The player’s standing position guidance image
50 is used for helping the player P to properly adjust the
position where he/she stands before starting a game.
The player P adjusts his/her standing position or posture
in front of the camera unit 42, or adjusts the image cap-
turing direction or position of the camera unit 42 before
the game is started. The image 50 is obtained by display-
ing a head standard position marker 52 and a current
recognized position marker 54 superposed on the base
image, that is, the image captured by the camera unit 42
in real time, i.e. a player image 56. The head standard
position marker 52 is a circular marker displayed at a
fixed position of the player image 56 (such as the central
position of the player image 56 located 15% from the
top), and used for indicating the position (standard posi-
tion) with which the image of (the uppermost part of) the
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player’s head in the player image 56 should be aligned
before the game is started. This game device 10 is de-
signed such that the current position of the head of the
player P can be recognized from the player image 56,
and a dot indicating the recognized position is displayed
superposed on the player image 56 as the current rec-
ognized position marker 54. The player P moves his/her
body (the standing position or the posture) or changes
the image capturing direction or position of the camera
unit 42 so that the current recognized position marker 54
is placed within the circular head standard position mark-
er 52, thereby properly adjusting the standard position
(initial playing position). At this time, the game device 10
determines whether or not the current recognized posi-
tion marker 54 is displayed within the head standard po-
sition marker 52, and changes the manner of displaying
the head standard position marker 52 (such as color or
blinking indication) in accordance with the determined
result. Thus, the player P can easily carry out proper ad-
justment of the positional relationship between the player
andthe camera unit42 while watching the player’ s stand-
ing position guidance image 50 before starting a game.
[0030] Figs. 3A-3D illustrate an example of a series of
game screens presented on the home-use TV receiver
40 when the head of the player P moves in the vertical
direction. The figures show four screen images in the
displayed order when the player P gradually rises from
a half-sitting posture to a substantially erect posture in
front of the camera unit 42, i.e. when the head of the
player P is raised from a lower position to a higher posi-
tion. The game screen in Fig. 3A includes a desk-shaped
obstacle B immediately in front of the viewpoint, indicat-
ing that the player P is hiding in front of and below the
obstacle B. In this situation, only part of the head of an
enemy game character AC1 located beyond the obstacle
B and holding a gun in his hand is displayed on the game
screen. The game screen in Fig. 3B represents the situ-
ation where the player P raises his/her head a little so
that the head is positioned substantially flush with the
upper surface of the obstacle B. In such a situation, the
enemy game character AC1 is displayed up to the chest
thereof on the game screen, and the heads of two more
enemy game characters AC2 and AC3 are additionally
displayed behind the character AC1. The game screen
illustrated in Fig. 3C indicates the situation where the
player P further stretches his/her back to raise his/her
head. In such a situation, the head of the player P is
located slightly higher than the upper surface Bs of the
obstacle, and upper bodies of the three enemy charac-
ters AC1-AC3 and the upper surface Bs of the obstacle
are displayed. The game screen illustrated in Fig. 3D
indicates the situation where the player P is in a substan-
tially erect posture. In this situation, the player is exposed
approximately up to the neck from the obstacle B, and
the upper surface Bs of the obstacle is displayed more
widely than that in the game screen of Fig. 3C. As illus-
trated in these figures, as the player’s head is raised, the
position where the obstacle B is displayedmoves down-
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ward, and the upper surface Bs of the obstacle and the
enemy game characters AC1-AC3 are gradually dis-
played on the game screen to reveal the whole images
thereof.

[0031] Figs. 4A-4D illustrate an example of a series of
game screens presented on the home-use TV receiver
40 when the head of the player P moves sideways. Figs.
4A-4D show four screen images in the displayed order
when the player P moves his/her body from right to left
in front of the camera unit 42, i.e. the head of the player
P moves from right to left. The game screen in Fig. 4A
includes the obstacle B in the form of a door or a wall
located on the right and immediately in front of the view-
point, indicating the situation where the player P is hiding
in front of the obstacle B. In such a situation, only part of
an arm of the enemy game character AC1 located beyond
the obstacle B and holding a gun in his hand is displayed
on the game screen. The game screen in Fig. 4B repre-
sents the situation where the player P moves slightly to
the left so that his/her head is substantially flush with the
left edge of the obstacle B, showing up to the head and
chest of the enemy game character AC1. The game
screenin Fig. 4C represents the situation where the play-
er P moves further to the left, showing substantially the
upper half of the enemy game character AC1 and the
enemy game character AC2 behind the character AC1.
The game screen in Fig. 4D represents the situation
where the player P comes out from the obstacle B to the
left. In this situation, the enemy game character AC3 is
also displayed in addition to the enemy game characters
AC1 and AC2. As illustrated in these figures, as the play-
er's head moves from left to right, the displayed position
of the obstacle Bmoves rightward and the enemy game
characters AC1-AC3 gradually appear on the game
screen to reveal the whole images thereof.

[0032] Fig.5illustrates a hardware configuration of the
game device 10. As illustrated, the game device 10 is
formed by a DVD™ (digital versatile disk) 25, which is an
information storage medium, placed in the home-use
game machine 46 connected to the monitor 18 and the
speaker 22. While the DVD 25 is used for supplying a
game program and game data to the home-use game
machine 46 in this embodiment, any other information
storage media, such as CD-ROMs (compact disk-read
only memory) and ROM (read only memory) cards, may
be used instead. The game program and the game data
can be remotely supplied to the home-use game machine
46 through a data network such as Internet.

[0033] The home-use game machine 46 includes a mi-
croprocessor 14, an image processing unit 16, a main
memory 26, and an input/output processing unit 30, a
peripheral equipment interface 31, a sound processing
unit 20, and a DVD reproducing unit 24. Themicroproc-
essor 14, the image processing unit 16, the main memory
26, the input/output processing unit 30, and the periph-
eral equipment interface 31 are mutually connected via
a bus 12 for data exchange, with the input/output
processing unit 30 being further connected to the gun
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controller 48, the sound processing unit 20, and the DVD
reproducing unit 24. The peripheral equipment interface
31 is connected to the camera unit 42. The respective
elements of the home-use game machine 46 are all ac-
commodated in a housing. In this embodiment, the home
TV receiver 40 is used as the monitor 18, and a speaker
incorporated therein is used as the speaker 22.

[0034] The microprocessor 14 controls the respective
elements of the home-use game machine 46 based on
an operating system stored in an unillustrated ROM and
the game program read from the DVD 25. The bus 12 is
used for exchanging addresses and data among the re-
spective elements of the home-use game machine 46.
The mainmemory 26 is used for storing the game pro-
gram and game data read from the DVD 25 as required.
The image processing unit 16, which includes a VRAM
(video random access memory), receives image data
from the microprocessor 14, and draws a game screen
image in the VRAM. The image processing unit 16, more-
over, converts the content of the VRAM into a video signal
provided to the monitor 18.

[0035] The input/output processing unit 30 is an inter-
face for relaying data communication between the micro-
processor 14 and the gun controller 48, the sound
processing unit 20, and the DVD reproducing unit 24.
The gun controller 48 is a game controller in the form of
agun, asillustratedin Fig. 1, used for providing the home-
use game machine 46 with a trigger state and the direc-
tion of the gun barrel or muzzle (specifically, the pointed
position on the screen of the home-use TV receiver 40).
The gun controller 48 can be of, for example, a well-
known structure. More specifically, the gun controller 48
is designed so that, when the player P pulls a trigger of
the gun controller 48, such information (trigger signal) is
supplied from a controller terminal to the home-use game
machine 46. When the home-use game machine 46 re-
ceives the trigger signal, an illuminating spot is scanned
on the screen of the home-use TV receiver 40 by causing
the game program to, forexample, present a white screen
for a single frame. The gun controller 48 is designed to
include a light-receiving sensor with strong directivity at
the back of the gun muzzle, so that, when the illuminating
spot on the home-use TV receiver 40 is detected by the
light-receiving sensor, the time period between the start
of scan and the detection of the illuminating spot is cal-
culated, thereby obtaining the position (coordinates) of
the spot on the screen of the TV receiver 40 from the
time period thus calculated. The position, i.e. the direction
of the gun barrel, is supplied to the home-use game ma-
chine 46. Thus, the gun controller 48 can be suitably im-
plemented. The time when scanning is started can be
preferably obtained from a synchronous signal included
in a video signal which is supplied from the home-use
game machine 46 to the home-use TV receiver 40.
[0036] The sound processing unit 20 includes a sound
buffer, and reproduces data, such as music and game
effect sound read by the DVD 25 and stored in the.sound
buffer, and outputs the data from the speaker 22. The
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DVD reproducing unit 24 reads the game program and
game data recorded in the DVD 25 in accordance with
aninstruction from the microprocessor 14. The peripheral
equipment interface 31 is an interface for connecting a
variety of peripheral devices to the home-use game ma-
chine 46, and can be formed by a USB (universal serial
bus) interface or the like. In this embodiment, the camera
unit42is connected to the peripheral equipmentinterface
31. The camera unit 42 is, for example, a well-known
digital camera for supplying to the home-use game ma-
chine 46 a captured gray scale image (256 levels of gray)
at predetermined time intervals (such as 1/60 seconds).
In order to capture the image of the player P, the camera
unit 42 is mounted on the home-use TV receiver 40 with
its lens facing the player P in this embodiment.

[0037] The process performed by the home-use game
machine 46 for displaying a title screen will now be de-
scribed. This process is performed based on the game
program stored in the DVD 25.

[0038] Fig. 6 is a flowchart for describing a process of
displaying a title screen by the home-use game machine
46. As illustrated, in the home-use game machine 46,
the microprocessor 14 first draws a background image
of the title screen, a character string of the title 60, the
menu button image 62, a copyright message, and the
like in a VRAM included in the image processing unit 16
(S101). An image captured by the camera unit 42 (here-
inafter referred to as a "player image" because capturing
the image of the player P is intended) is acquired (S102).
The player image acquired at the step S102 is drawn in
the VRAM so that the player image is placed where the
player’s standing position guidance image 50 is located
in the title screen (S103).

[0039] The position of the head of the player P (head
position) is recognized based on the player image ac-
quired at the step S102, and information obtained by fil-
tering the recognition result (filtered head position) is ac-
quired (S104). The process of recognizing the position
and filtering will be described later. The microprocessor
14 then draws the current recognized position marker 54
at the coordinates of the VRAM corresponding to the fil-
tered head position so that the marker (red spot) is dis-
played at the head position of the player image included
in the title screen (S105) .

[0040] The microprocessor 14 then determines wheth-
er or not the filtered head position is located at the stand-
ard position (inthe reference area). The standard position
is the position in the player image where the head of the
player P should be located before a game is started. If
the filtered head position is located at the standard posi-
tion, a red head standard position marker 52 is drawn at
the standard position of the player image (S107). On the
other hand, if the filtered head position is not at the stand-
ard position, a blue head standard position marker 52 is
drawn at the standard position of the player image
(S108). Next, the direction of the barrel of the gun con-
troller48 is acquired (S109), and at this position an aiming
marker 58 is drawn (S110).
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[0041] Thus, when the positional relationship between
the player P and the camera unit 42 is inappropriate, the
currently recognized position marker 54 is displayed out-
side the circular head standard position marker 52, which
is displayed in blue, on the title screen as illustrated in
Fig. 7. Onthe other hand, when the positional relationship
between the player P and the camera unit 42 is appro-
priate, the currently recognized position marker 54 is dis-
played inside the circular head standard position marker
52, which is displayed in red, on the title screen. As a
result, the player P can change the standing position or
the position where the camera unit 42 is installed or the
image capturing direction to cause the head standard
position marker 52 to be displayed in red on the title
screen, thereby easily adjusting the positional relation-
ship between the player P and the camera unit 42.
[0042] If the positional relationship between the player
P and the camera unit 42 is not properly adjusted, the
position of the head will not be placed within the player
image when the player P bends down or sways during
the game, causing possible misrecognition of the head
position. However, according to the present game device
10, the positional relationship between the player P and
the camera unit 42 can be properly adjusted before start-
ing a game, so that the head position can be correctly
recognized even when the player P bends down or sways
during the game.

[0043] The guidance provided to the player P is not
limited to that described above. For example, as in the
guidance image illustrated in Fig. 8, it is possible to dis-
play only the current recognized position marker 54 and
the head standard position marker 52 without displaying
the player image. Instead of changing the manner of dis-
playing the head standard position marker 52 based on
the positional relationship between the current recog-
nized position marker 54 and the head standard position
marker 52, the manner of displaying the current recog-
nized position marker 54 (such as color or blinking pat-
tern) may be changed. Alternatively, display may be pre-
sented at another position based on the positional rela-
tionship between the current recognized position marker
54 and the head standard position marker 52. Further,
the current recognized position marker 54 may not be
displayed.

[0044] Further, as in the guidance image illustrated in
Fig. 9, only the current recognized position marker 54
may be displayed, and the manner of displaying the mark-
er 54 may be changed when the marker 54 is moved to
the position where the head standard position marker 52
indicated by a dashed line in Fig. 9 should be displayed
(the circle indicated by the dashed line in the figure is not
actually displayed on the screen). In this manner as well,
the player P can correct the positional relationship be-
tween the camera unit 42 and himself/herself while
watching the guidance image.

[0045] Alternatively, messages, such as "Move to the
right", "Move to the left", "Move forward", and "Move
backward", may be displayed based on the relationship



13 EP 2 028 582 A1 14

between the standard position and the currently recog-
nized position of the head of the player P. Further, the
shapes of the current recognized position marker 54 and
the head standard position marker 52 are not limited to
those described above, and a variety of shapes are pos-
sible. The guidance is preferably provided to the player
P before the game is started, and therefore the guidance
for the player P may be provided, for example, on a
screen different from the title screen.

[0046] The process performed on the player image in
the home-use game machine 46 will next be described.
[0047] Fig. 10 is a flowchart for describing a process
for recognizing the head position of the player P based
on the player image captured by the camera unit 42 and
filtering the recognized result. Fig. 11 is a flowchart for
describing thefiltering process in detail. These processes
are performed in the home-use game machine 46 at pre-
determined time intervals (such as 1/60 of a second)
based on the game program stored in the DVD 25.
[0048] When the playerimage is captured by the cam-
era unit 42, the microprocessor 14 first stores the player
image in an image buffer provided in the main memory
26, as shown in Fig. 10 (S201). The image buffer is used
for storing the player image captured by the camera unit
42 at predetermined time intervals, and stores a prede-
termined number (a total of four in this embodiment) of
player images including the latest image in time se-
quence. When the latest player image is acquired, the
newly acquired player image is additionally stored in the
image buffer and the oldest player image is deleted. Figs.
12A-12D show an example of a series of player images
stored in the image buffer. Fig. 12A shows the latest play-
er image, Fig. 12B shows the immediately preceding
player image, Fig. 12C shows the player image immedi-
ately preceding the image in Fig. 12B, and Fig. 12D
shows the player image immediately preceding the im-
agein Fig. 12C, i.e. the oldest image in the image buffer.
In this example of Figs. 12A-12D, the player P swings
from left to right in front of the camera unit 42.

[0049] The microprocessor 14 then produces an aver-
aged image of three player images stored in the image
buffer excluding the latest image (S202). The averaged
image is obtained by averaging the respective color in-
formation (256 levels of gray) assigned to the corre-
sponding pixels of the three player images. The micro-
processor 14 then produces a difference between the
averaged image and the latest player image (S203). The
difference image is produced by binarizing (mono-
chroming) the image obtained by subtraction of color in-
formation assigned to the corresponding pixels of the two
images. Fig. 13 shows an example of such a difference
image. An image located within a circle centered at the
previously recognized position (the headposition of the
player P) with a predetermined radius is extracted from
the difference image (S204). Fig. 14 shows an example
of the extracted image. In the figure, the black dot indi-
cates the previously recognized position, which is not
displayed in the extracted image in practice.
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[0050] The microprocessor 14 then determines wheth-
er or not the area of the region displayed in black in the
extracted image (the region where a difference remains)
is smaller than a predetermined threshold (S205). If the
area of the black region in the extracted image is smaller
than the predetermined threshold, the previous output
prestored in the main memory 26 (filtered head position)
is output again (S213). When the player P does move
very much , the difference remains only at the contour of
the player P in the difference image obtained at the step
S203 asillustratedin Fig. 15. In such a case, by extracting
the vicinity of the previously recognized position the area
is reduced as illustrated in Fig. 16. In the process from
the step S202 to the step S205, the previous output is
thus provided again when the player P makes only a small
movement, so that fluctuation in output value is sup-
pressed.

[0051] Onthe other hand, if the area of the black region
in the extracted image is equal to or exceeds the prede-
termined threshold, the latest player image (Fig. 12A)
and the immediately preceding player image (Fig. 12B)
are read from the image buffer to produce the difference
image (binarized image) (S206). Fig. 17 shows an ex-
ample of such a difference image. The microprocessor
14 then extracts an image within a circle centered at the
previously recognized position with a predetermined ra-
dius (selection range) from the difference image. Fig. 18
shows an example of the extracted image. In Fig. 18, the
black dot indicates the previously recognized position,
and is not displayed in the extracted image in practice.
The position of the pixel displayed in black in the extract-
ed image is used for recognizing the head position of the
player P at the step S211. In other words, the extracted
image includes a base position group for recognizing the
head position of the player P.

[0052] The microprocessor 14 measures the height
and width of the black region in the extracted image (the
base position group, i.e. the region where a difference
remains), and determines whether or not the values are
smaller than the respective predetermined thresholds
(S208). If either value is smaller than the predetermined
threshold, the extracted range (selection range) is shifted
toward the player P and reproduces the extracted image
(S210) until the extracted range (selection range) is suf-
ficiently close to the player P (S209). More specifically,
the barycenter of the region shown in black in the differ-
ence image (binarized image) obtained at the step S206
is calculated, and the center of the extracted range (se-
lection range) is moved closer to the barycenter from the
previously recognized position by a predetermined dis-
tance at a time. Fig. 19 is a view for explaining such a
process. The region with hatching indicates a region
where the difference remains, a black triangle indicates
the barycenter of the difference, and a black dot indicates
the previously recognized position. This figure shows that
the player P has rapidly moved in front of the camera unit
42 fromthe upper leftto the lower right. In such a situation,
the center of the extracted range (selection range) is



15 EP 2 028 582 A1 16

gradually moved from the black dot position toward the
black triangle in the figure at the step S210. If the black
region in the extracted image is still small even after
movement is made by a predetermined ratio, such as 70
%, of the distance between the previously recognized
position and the barycenter, the previous output is sup-
plied again (S213) . On the other hand, if both the height
and width of the black region in the extracted image are
equal to or exceed the predetermined threshold as illus-
trated in Fig. 20 after shifting the extracted range (selec-
tion range), the head position of interest is determined
from that particular extracted image (S211). Forexample,
the position located at the center of the black region and
several pixels from the top in the extracted image is se-
lected as the head position of interest. The current head
position thus selected (recognized) is filtered to supply a
filtered head position (S212).

[0053] Thus, the base position group is selected within
the selection range corresponding to the previously rec-
ognized position in principle, and reselected by changing
the selection range exceptionally, thereby eliminating ef-
fects of moving objects, if any, other than the player ap-
pearing in the player image and achieving proper recog-
nition of the position even when the head position rapidly
moves.

[0054] Inthe above-described filtering process, a head
position buffer is provided in the main memory 26 for
storing a maximum of 16 head positions (P, to P45
wherein the index corresponds to the time of recognition)
as illustrated in Fig. 21A. The head position bufferis used
for storing the head position of the player P recognized
at predetermined intervals. In this buffer, a maximum of
16 head positions are stored in time sequence including
the latest head position. When the latest head position
is recognized, this head position is additionally stored in
the head position buffer, and the oldest head position is
deleted. When, for example, the head position P, .4 is
recognized while the buffer is in the state illustrated in
Fig. 21A, the head position P, is additionally stored
and the oldest head position P, _5 is deleted from the
head position buffer. The buffer size of this head position
buffer, i.e. the number of head positions stored therein,
is variable, and therefore assumes one of four states in
which the number of stored head positions is two as in
Fig. 21B, four, eight, or sixteen as in Fig. 21A.

[0055] Asillustrated in Fig. 11, the filtering process be-
gins with acquisition of the current buffer size n of the
head position buffer (S301). If the current buffer size n
is equal to the maximum size Nmax (16 in this example)
(S302), the oldest head position is deleted from the head
position buffer, and the latest head position is stored in
the head position buffer (S305). On the other hand, if the
current buffer size n is not equal to the maximum size
Nmax, the latest head position is additionally stored in
the head position buffer without deleting the oldest head
position (S303), and adds one to the current buffer size
n (S304).

[0056] The amount of movement for each head posi-
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tion stored in the head position buffer is next calculated
(S306). More specifically, the distance between each
head position and the immediately previous head posi-
tion is obtained. For instance, in the example of Fig. 21,
the distances between the head positions P, and P, _4,
between the head positions P,,_4; and P, _,, between the
head positions P, , and P,,_3, ..., and between the head
positions P, 44 and P, _,5 are calculated. An average of
the thus calculated movement amounts is obtained to
determine the buffer size N corresponding to the average
(S307). By way of example, the buffer size N is defined
here as 2 when the average is not smaller than 11, 4
when the average is 9 or greater but smaller than 11, 8
when the average is 7 or greater but smaller than 9, and
16 when the average is smaller than 7. While the buffer
size N is determined based on the averaged movement
amount of the respective head positions stored in the
head position buffer in this embodiment, other calculation
methods may be used instead. For example, the move-
ment amounts of the respective head positions may be
weighted, or only the relatively new head positions
among those stored in the head position buffer may be
subjected to calculation of movement amount, so that
the buffer size N can be rapidly reduced when the latest
head position is determined as being rapidly moved.
[0057] Next, the current buffer size n and the buffer
size N are compared (S308) If the current buffer size n
exceeds the buffer size N, the head positions stored in
the head position buffer are deleted starting from the old-
est one in time sequence until the current buffer size n
is equal to the buffer size N (S309). On the other hand,
if the current buffer size n is equal to or smaller than the
buffer size N, the step S309 is skipped. The average of
the head positions stored in the head position buffer is
obtained and stored in the main memory 26 as the pre-
vious output (S311), and output as the filtered head po-
sition (S312). The filtered head position thus output is
used for determining the viewpoint position when a three-
dimensional game space is drawn, as described above.
The filtered head position is also used for determining
the display position of the currently recognized position
marker 54 when the player’s standing position guidance
image 50 is displayed on the title screen. Note that al-
though the average of the head positions stored in the
head position buffer is used as the filtered head position
in the above description, the head positions stored in the
head position buffer may be weighted, so that, for exam-
ple, the latest head position gives a greater effect on the
filtered head position.

[0058] According to the above-described filtering proc-
ess, the average of the head positions stored in the head
position buffer is output, thereby reducing fluctuation in
the value of the filtered head position. Further, as the size
of the head position buffer, i.e. the number of stored po-
sitions is varied in accordance with the movement
amounts of the respective head positions stored in the
head position buffer, the value of the filtered head position
can be rapidly changed to cope with a rapid movement
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of the head position of the player P. As a result, the game
process using the filtered head position can be properly
performed.

[0059] The present invention is not limited to the
above-described embodiment.

[0060] For example, while the present invention is ap-
plied to a gun shooting game in the above description, it
is applicable to any kind of games that proceed based
on an image captured by the image capturing means.
[0061] Although the head of the player P is the object
for position recognition in the above description, any oth-
er parts can be such objects. Further, the object can be
a variety of articles the player holds in his/her hands,
such as a toy golf club, a toy tennis racket, a toy weapon,
and the like.

Claims
1. A game device, comprising:

image capturing means for capturing player im-
ages at predetermined time intervals;

selecting means for selecting a base position
group used for recognizing a predetermined part
of aplayer from a predetermined selectionrange
corresponding to a previously recognized posi-
tion based on the player images captured by
said image capturing means;

reselecting means for changing said selection
range in accordance with the selected base po-
sition group to reselect the base position group
used for recognizing the predetermined part of
the player; and

recognized position determining means for de-
termining a present recognized position based
on the base position group selected by said se-
lecting means or reselected by said reselecting
means.

2. A game device according to claim 1, wherein
said selecting means selects the base position group
used for recognizing the predetermined part of the
player from the predetermined selection range sur-
rounding the previously recognized position, and
said reselecting means shifts said selection range
based on said player image.

3. A game device, comprising:

image capturing means for capturing player im-
ages at predetermined time intervals;

recognizingmeans for recognizing a position of
a predetermined part of a player based on the
playerimages captured by said image capturing
means, and outputting the recognized position;
recognized position storing means for storing a
predetermined number of recognized positions
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formerly output by said recognizing means;
movement amount calculating means for calcu-
lating an amount of movement for each recog-
nized position stored by said recognized posi-
tion storing means;

number changing means for changing said
number based on the amount of movement for
each recognized position calculated by said
movement amount calculating means;

output value calculating means for calculating
an output value based on said number of rec-
ognized positions stored by said recognized po-
sition storing means; and

game processing means for performing a game
process based on the output value supplied by
said output value calculating means.

4. A method of processing an image of a person, com-
prising steps of:

capturing images of a person at predetermined
time intervals;

selecting a base position group used for recog-
nizing a predetermined part of the person from
a predetermined selection range corresponding
to a previously recognized position based on the
captured images of the person;

changing said selection range based on the se-
lected base position group to reselect the base
position group used for recognizing a predeter-
mined part of the person; and

determining a present recognized position
based on the selected or reselected base posi-
tion group.

5. A program for causing a computer to execute steps
of:

capturing images of a person at predetermined
time intervals;

selecting a base position group used for recog-
nizing a predetermined part of the person from
a predetermined selection range corresponding
to a previously recognized position based on the
captured images of the person;

changing said selection range based on the se-
lected base position group to reselect the base
position group used for recognizing a predeter-
mined part of the person; and

determining a present recognized position
based on the selected or reselected base posi-
tion group.

6. A method for processing images of a person, com-
prising steps of:

capturing the images of the person at predeter-
mined time intervals;
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recognizing a position of a predetermined part

of the person based on the captured images of

the person, and outputting the recognized posi-
tion;

sequentially storing the recognized position in &
storing means;

calculating an amount of movement for each
recognized position stored in said storing
means;

changing the number of recognized positions 70
stored in said storing means based on the cal-
culated amount of movement for each recog-
nized position; and

calculating an output value based on the recog-
nized position stored in said storing means. 15

7. A program for causing a computer to execute steps
of:

capturing images of a person at predetermined 20
time intervals;

recognizing a position of a predetermined part

of the person based on the captured images of

the person, and outputting the recognized posi-
tion; 25
sequentially storing the recognized position in
storing means;

calculating an amount of movement for each
recognized position stored in said storing
means; 30
changing the number of recognized positions
stored in said storing means based on the cal-
culated amount of movement for each recog-
nized position; and

calculating an output value based on the recog- 35
nized position stored in said storing means.
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